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INTRODUCTION
According to recent studies, with the advancement of control theories, power electronics, microelectronics in connection with new motor design and magnetic materials since 1980's electrical (A.C) drives are making tremendous impact in the area of variable speed control systems [1] [2] . Among A.C drives newly developed Permanent Magnet Synchronous Motors with high energy permanent magnet materials like "Neodymium Iron Boron" ("Nd-Fe-B") provide fast dynamics and computability with the applications if controlled properly. Electrically excited field windings are replaced by Permanent Magnets (PM) because of their advantages which include elimination of brushes, slip-rings, rotor copper losses; which yields high efficiency [3] .
PMSMs are commonly used for applications like actuators, machine tools and robotics. This is due to some of its advantages such as high power-density, efficiency, reduced volume and weight, low noise and robustness [3] . Now-a-days vector control technique has made it possible to apply the PMSMs in high-performance industrial applications where only D.C motor drives were previously available. In order to make the most of a motor performance a very effective control system is needed. Although many possible solutions are available eg., non-linear, adaptive, intelligent control [4] [5] the market of electrical drives doesn't justify the expense needed to implement such sophisticated solution in industrial drives and ProportionalIntegral (PI) based control system scheme still remains the more widely adopted solution. Such a propensity is supported by a fact that, although simple, a PI based control allows achieving of very high performances when optimally designed [6] . PI controllers have been widely used for decades in industries for process control applications. The reason for their wide popularity lies in the simplicity of design and performances including low percent overshoot, less maintenance cost [6] .
An elegant way of enhancing the performance of PI controllers is to use fractional-order controllers. Dynamic systems based on fractional order calculus have been a subject of extensive research in recent years since the proposition of concept of the fractional-order controllers and the demonstration of their effectiveness in actuating desired fractional order system responses by Podlubny [7] . Fractional Order Proportional Integral (FOPI) controller is one of a convenient fractional order structure that has been employed for control purposes. In an FOPI controller (in it is proportional gain. Finding appropriate set of values for these three parameters to achieve optimum performance of PMSM drive in three dimensional hyper-space calls for real parameter optimization. Our tuning method focuses on minimizing the Integral Time Absolute Error (ITAE) criterion. This is done by using Nature inspired heuristic methods for optimal design of the controller.
Natural selection tends to eliminate animals with poor foraging strategies and favor the propagation of genes of those animals that have successful foraging strategies since they are more likely to enjoy reproductive success. After many generations poor foraging strategies are either eliminated or shaped into good ones. Based on the researches on the foraging behavior of E-coli bacteria K.M. Passino proposed a new Evolutionary computation technique known as Bacterial Foraging Optimization Algorithm (BFOA) [8] , briefly explained sections. Until date BFOA has found implementation real world problems s controller design, stock market predicti systems. However, during the process of BFOA depends on random search directi lead to delay in reaching global solution.
In order to speed the convergence of Ba Optimization W. Karoni had proposed an namely BF-PSO [9] . The BF-PSO algorith ideas of velocity updating from particle swa (PSO), the search directions specified by bacteria are oriented by the individual b global best locations concurrently. The prop W.Korani had shown remarkable results i tuning. To reduce the time of optimization the convergence speed of group of bact optima for this BFO-PSO we propose algorithm "ABF-PSO" in which the chem been made adaptive. The proposed metho parameter optimization of FOPI speed PMSM drive. We also compared the obtai that of traditional methods and state of techniques.
The rest of paper is organized as fol deals with mathematical model of PMSM problem formulation in Section III. Section brief overview of the proposed method. rs (SPM). In this ermanent Magnet n in Figure 1 . 
III. PROBLEM FORMULATION

A. FOPI Speed Controller
Fractional order calculus is used in control areas by more and more researchers in recent years [7, 12] . 
The input e(t) of controller is given as 
The main objective of stochastic algorithm is to minimize the objective function. Here as we can't integrate up to infinity the time is set as per the machine design requirement. In addition "Gradient Descent Search Method" is also used for tuning controller.
IV. CLASSICAL BACTERIAL FORAGING OPTIMIZATION ALGORITHM
Bacterial foraging optimization is a new method based on foraging behavior of "Escherichia coli" (E-coli) bacterial present in the human intestine, and been already implemented to real world problems. In this foraging theory the objective of the animal is to search for and obtain nutrients in such a fashion that energy intake per unit time (E/T) is minimized. A group of bacteria move in search of food and away from noxious elements known as Foraging. BFO algorithm draws its inspiration from this foraging behavior. Bacteria have a tendency to gather to the nutrientrich areas by activity called Chemotaxis. Its movement and behavior is characterized by spinning flagella which acts as a Biological motor and helps bacteria to swim. The control system of these bacteria that dictates how foraging should be precede is subdivided into four sections namely Chemotaxis, Swarming, Reproduction, and Elimination and Dispersal [8] .
A. BF-PSO Algorithm:-
BF-PSO algorithm combines both BFO and PSO. The aim is to make PSO ability to exchange social information and BF ability in finding new solution by elimination and dispersal, a unit length direction of tumble behavior is randomly generated. Random direction may lead to delay in reaching the global solution. In "BF-PSO" algorithm the unit length random direction of tumble behavior can be decided by the global best position and the best position of each bacterium. During the chemotaxis loop tumble direction is updated by:
Where pbest is the best position of each bacterium and gbest is the global best bacterial. The brief pseudo-code of BF-PSO has been provided below. 
to save this value since we may get better value via run. c) Tumble: Let • Let :
• Else, let 
B. The ABF-PSO algorithm for optimization of FOPI controller parameters
Chemotaxis is a foraging strategy that implements a type of local optimization where the bacteria try to climb up the nutrient concentration, avoid noxious substance and search for ways out of neutral media. A chemotactic step size varying as the function of the current fitness value is expected to provide better convergence behavior as compared to a fixed step size. A simple adaption scheme for the step size for th i bacterium given in following equation is employed to get better optimal controller parameters for PMSM drive. . This implies that the bacterium which is in the vicinity of noxious substance associates with higher cost function. Hence it takes larger steps to migrate to a place with higher nutrient concentration. Use of Eqn (20) in Eqn (18) is expected to give improved convergence performance compared to fixed step size due to the above phenomenon.
Step 1.Same as that of BF-PSO based optimization
Step 2-3. Same as that of BF-PSO, but only difference is that while updating location in Eqn (18) (and also in swim) the adaptive run length unit, ) (i C defined in Eqn (20) is used instead of fixed run length unit.
Step 5-8. Same as that of BF-PSO based optimization technique.
V. SIMULATIONS AND RESULTS
A. Experimental Settings
This section describes about the parametric set up of the PMSM drive and also the algorithmic parameters. 
0 No of particles fixed for PSO are 25 . As the optimization cannot be obtained in a single iteration, we used a total of 100 iterations for each algorithm for comparison to be fare enough
B.
Step response of FOPI controller 
IV. CONCLUSIONS
In this paper a novel modified BF-PSO algorithm termed ABF-PSO is used in tuning a FOPI controller for PMSM drive. From the simulations and results table and also from the graphs obtained we can conclude that proposed method is performing better compared to that of PSO, BFO and gradient descent method. The design specifications like percent overshoot, steady state error are very much improved in ABF-PSO tuned FOPI controller.
Our further research will be focused on implementing FOPI controller to the sensor less PMSM drive. Step response of PMSM with different controllers 
